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(54) Device-independent trapping 

(57) A computer-implemented method traps an 
edge in a color page described by page data, independ- 
ently of the output device. The method comprises iden- 
tifying, based on page data for a color page, an edge 
and first and second adjacent regions having the edge 
as a common boundary, defining a clip region, including 
the edge and at least part of one of the first and the sec- 
ond regions, and generating and storing device-inde- 
pendent trap data representing the clip region for use 
by an unspecified output device for trapping the edge. 
A page trapped by the method for output on an unspec- 
ified output device includes trap data for at least one 
edge represented in the page, the trap data for each 
edge comprising edge data, defining the edge, adjacent 
region data, describing a first and a second adjacent re- 
gion sharing the edge as a common boundary, and clip 
region data, defining a clip region including the edge and 
at least part of the first or the second adjacent regions. 
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Description 

Background 

The present invention relates to computer-imple- 
mented trapping processes. 

As the use of desktop publishing increases, tech- 
niques for preparing and reproducing pages on a variety 
of output devices have been developed. Such output de- 
vices include image setters, printers, monitors, and dig- 
ital printing presses. 

A page may include various types of objects, such 
as text, line art, and images, and its appearance is gen- 
erally described by page description language ("PDL") 
instructions that are interpreted by an output device to 
create physical output having the desired appearance. 

A color page additionally includes information of the 
colors used in the page. Colors are defined in accord- 
ance with a "color space, 0 which provides a data repre- 
sentation of a range of colors (a "color gamut") in terms 
of basic color components. The specific color compo- 
nents will vary depending on the color system used. For 
example, in the CMYK color system, colors are repre- 
sented as combinations of cyan (C), magenta (M), yel- 
low (Y), and black (or "key") (K); in the RGB color sys- 
tem, colors are represented as combinations of red (R), 
green (G), and blue (B). 

A color in the page is generally represented by a 
series of bits, with specific bits indicating the amount of 
each basic color component used in the color. For ex- 
ample, a 24-bit RGB data representation may allocate 
bits 0-7 to indicate the amount of red, bits 8-1 5 to indi- 
cate the amount of green, and bits 16-23 to indicate the 
amount of blue. 

These data representations of colors are used to 
create color separations, which are used by color output 
devices to output the page. Generally, each color sep- 
aration used by an output device will correspond to a 
color component of the color system used by the device. 
For example, data representations of colors in a page 
output on an image setter using a CMYK color system 
will be used to create color separations for cyan, ma- 
genta, yellow, and black, with each separation indicating 
regions where the corresponding ink should be applied, 
as well as the amount of ink that should be applied. The 
same color data for the page, if output on an image set- 
ter using an RGB color system, will be used to create 
color separations for red, green, and blue inks. The out- 
put page includes the combination of each of the inks, 
applied according to its corresponding separation. 

Misalignment of separations can cause unintention- 
al gaps or overlaps at edges of color regions in the out- 
put page. For example, at an edge separating two re- 
gions of different colors, misalignment may result in an 
output page having a gap between the two regions. At 
an edge separating a color region from a paper (no 
color) region, if the color is created from multiple sepa- 
rations, misalignment of those separations may result 



in an output page having one separation ink extending 
beyond the other separation inks for that color region. 

To minimize the effects of misalignment, a tech- 
nique known as trapping adjusts the shapes of color re- 
5 gions at these edges by spreading (expanding) some 
separation color regions to prevent gaps, and choking 
(contracting) other separation color regions to prevent 
overlaps. The adjusted areas into which inks will be 
spread or from which inks will be contracted are referred 
io to as "trap regions," and trapping also entails determi- 
nation of the amount of ink to be applied to the trap re- 
gions for each affected separation. 

Trapping thus involves adjusting the separations 
created by an output device for a page. Because sepa- 
1$ rations correspond to the inks used by an output device, 
and because different output devices may use different 
inks, trapping has traditionally been considered to be 
device-dependent. 

Retrapping is used for output devices using inks of 
different color systems (e.g., RGB inks versus CMYK 
inks), as well as for output devices using the same color 
system. For example, two devices may both use a 
CMYK system, but the inks of one device may be differ- 
ent shades from the inks of the other device. According- 
ly, a page having an output color created from, for ex- 
ample, just the magenta ink on a first output device, may 
be created from a combination of magenta and cyan 
inks on a second output devices, and therefore, may be 
trapped differently on the two devices. 

Another reason why retrapping may be required is 
that two output devices may have different color gam- 
uts- i.e., a specific color provided on a first output device 
may not be within the range of colors available on a sec- 
ond output device. In this case, the second device will 
approximate the specified color with the closest availa- 
ble color, but the ink combination used will likely be dif- 
ferent from that used by the first device, and therefore 
may require separate trapping. 

Yet another source of differences is that colors of a 
page are often represented in a color space (the "page 
color space") independent of any device color space. At 
output, each device uses separations created by con- 
verting the page colors into its specific device color 
space, and any differences in the conversion for differ- 
ent output devices may result in different separations 
requiring different trapping. 

For reasons such as these, a color page is generally 
not trapped until an output device is specified, and is 
retrapped for each output device using different sepa- 
rations. 

Summary 

In general, in one aspect, the invention provides a 
computer-implemented method for device-independent 
trapping of an edge in a color page described by page 
data by identifying an edge, and first and second adja- 
cent regions having the edge as a common boundary, 
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based on the page data, defining a clip region including 
the edge and at least part of one of the first and the sec- 
ond regions, and generating and storing device-inde- 
pendent trap data representing the clip region for use 
by an unspecified output device for trapping the edge. 

Embodiments of the invention may include one or 
more of the following features. 

The method identifies an edge having a first adja- 
cent region of a first color and a second adjacent region 
of a second color. The method designates one of the 
first and the second colors as a dominant color, and des- 
ignates the adjacent region having the dominant color 
as a dominant region. The clip region is defined to in- 
clude the edge and at least part of the designated dom- 
inant region. 

The method designates the dominant color as the 
color having the higher neutral density. 

The method identifies an edge having a first adja- 
cent region of a first color and a second adjacent region 
of a second color. The method determines a parameter 
measuring the similarity of the first color and the second 
color. If the parameter exceeds a predetermined thresh- 
old, the clip region is not defined and trap data is not 
generated or stored. 

The method identifies an edge having a first adja- 
cent region with a first color and a second adjacent re- 
gion with no color. The method determines whether the 
first color is comprised of a first color component having 
a high neutral density and a second color component 
having a low neutral density, and if the difference be- 
tween the neutral densities of the first and second color 
components falls below a predetermined threshold, the 
method does not define a clip region and does not gen- 
erate or store trap data. 

In general, in another aspect, the invention is a com- 
puter-implemented method for determining a trap region 
for an edge in a color page described by page data and 
trap data for an output device. The method comprises 
identifying, based on the page data and trap data, an 
edge defining a common boundary for a first and a sec- 
ond adjacent region, and a clip region including the edge 
and at least part of one of the first and the second ad- 
jacent regions. The method defines a stroke region, in- 
cluding the edge, for an output device, and defines a 
trap region comprising the intersection of the clip region 
and the stroke region. 

Embodiments of the invention may include one or 
more of the following features. 

The method identifies an edge between a first ad- 
jacent region having a first color and a second region 
having a second color, the first and second colors being 
defined in a page color space. The method converts the 
first color and the second color from the page color 
space to a device color space of the output device, de- 
termines color separations for the first and second ad- 
jacent regions for the output device, based on the first 
and the second colors defined in the device color space, 
and determines, based on the color separations, wheth- 



er to determine a trap region for the edge. 

The method identifies an edge between a first ad- 
jacent region having a first color and a second region 
having a second color, the first and second colors being 

5 defined in a page color space. The method converts the 
first color and the second color from the page color 
space to a device color space of the output device, and 
determines a trap color for the trap region based on the 
first and the second colors defined in the device color 

10 space. The trap color may be determined based on a 
predetermined function of the first and the second 
colors, and may be determined based on whether the 
trap region falls within the first adjacent region or the 
second adjacent region. 

'5 The method determines a trap region, partially fall- 
ing within the first adjacent region and partially falling 
within the second adjacent region. The method sepa- 
rately determines the color of the trap region for the parts 
of the trap region falling within the first and the second 

20 adjacent regions. 

In general, in another aspect, the invention is a page 
for output on an unspecified output device, the page in- 
cluding trap data for at least one edge represented in 
the page. The trap data for each edge comprises edge 

2$ data, defining the edge, adjacent region data, describing 
a first and a second adjacent region sharing the edge 
as a common boundary, and clip region data, defining a 
clip region including the edge and at least part of the 
first or the second adjacent regions. 

30 An advantage of the invention is that device-inde- 
pendent trapping operations for a page need be per- 
formed only once, even if the page is output to a variety 
of output devices. The efficiency benefits of the reduced 
processing required at output are multiplied in a distrib- 
35 ute and print environment in which a page is simultane- 
ously output to multiple output devices. 

Other features and advantages of the invention will 
become apparent from the following description and 
claims. 

40 

Brief Description of the Drawings 

Fig. 1 is a flow chart of a device-independent trap- 
ping method. 

^5 Fig. 2 is a flow chart of Phase I of a device-inde- 
pendent trapping method. 

Fig. 3 is a flow chart of Phase II of a device-inde- 
pendent trapping method. 

Figs. 4a - 4e illustrate an application of the device- 
50 independent trapping method. 

Description 

Referring to Fig. 1 , a page described by page data, 
55 such as PDL instructions, is trapped in two phases. 
Phase I (100) is device-independent, performing trap- 
ping operations that are independent of specific output 
devices, and determining and storing trap data reflecting 
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the results of these operations. 

At completion of Phase I (100), the page is de- 
scribed by both page data and trap data. Phase II (200) 
is device-dependent, and uses the page data and de- 
vice-independent trap data to perform trapping opera- 
tions for a specific output device. 

Referring to Fig. 2 and the example illustrated in 
Figs. 4a-4e, Phase I begins by reading page data (110), 
which includes data representation of the colors used in 
the page, defined in the page color space. Next, edges 
of color regions are identified (1 20). For example, for a 
page including the adjacent color regions 410, 420 illus- 
trated in Fig. 4a, the edge 430 is emphasized in Fig. 4b. 
Various methods of identifying edges may be adapted 
for device-independent trapping. For example, U.S. Pat- 
ent No. 5,295,236, incorporated herein by reference, 
discloses one such method. 

Depending on the method used, the device-inde- 
pendent trapping may identify all edges for an entire 
page or it may identify only a subset of edges. For ex- 
ample, the identified edges may be limited to specific 
areas of the page, or to specific edges, or to specific 
objects represented in the page. 

While identified edges remain to be considered 
(130), one such edge is retrieved (140) and its adjacent 
regions are identified (150). An adjacent region may be 
a color region, in which case the color, defined in the 
page color space, is also identified, or it may be a paper 
(no color) region. 

Device-independent Phase I may optionally include 
a trapping test 1 60 to determine whether to trap an iden- 
tified edge. Alternatively, step 160 may be omitted and 
the identified edge will always be trapped. 

If Phase I applies trapping test 160, trapping for an 
identified edge is omitted if trapping is unlikely to be re- 
quired at output. In general, color-color edges separat- 
ing color regions of similar colors will not be trapped at 
output if their representation in the device color space 
indicates that a common ink will be used for both re- 
gions. For example, if the adjacent colors were different 
shades of blue, for example, an output device will gen- 
erally use at least one common ink in both regions. In 
such a situation, the separation corresponding to that 
common ink will indicate that the ink will be applied to 
both adjacent color regions, thus eliminating the possi- 
bility of a gap caused by misalignment. 

Although the output color space and separation inks 
are not known during Phase I, various tests may be used 
to predict whether an edge will be trapped at output, re- 
gardless of the specific output device. For example, to 
determine whether to trap a color-color edge, one em- 
bodiment uses a test measuring the color difference of 
the colors of adjacent regions in the page color space. 
For example, the Commission Internationale de 
I'Eclairage ("CIE") has developed a number of standard- 
ized color spaces representing colors based on a math- 
ematical model of human color perception. In a system 
such as the CIE LUV color system, color differences 



may be measured by a AE value. If the colors are suffi- 
ciently similar (indicated by a AE value falling below a 
predetermined threshold), the colors will likely include a 
common ink on an output device, and trapping test (1 60) 
5 determines that the edge should not be trapped in 
Phase I. Similar measurement tests exist for other color 
systems as well. 

For a color-paper edge separating a paper region 
from a region having a color including color components 
of a dark ink and at least one lighter ink, misalignment 
of the ink separations may be visually apparent at output 
if a lighter ink extends beyond the boundary of the dark 
ink into the paper region. The trapping solution chokes 
the lighter ink to ensure that even with slight misalign- 
ment, the lighter ink will not extend past the dark ink. 

Again, the inks that wilt be used to output a color 
are not known during Phase I. However, trapping tests 
exist which can be used to predict whether a color-paper 
edge is likely to be trapped at output, regardless of the 
specific output device. In one embodiment, the test is 
based on a color component's neutral density, which 
gives a general indication of the opacity of the color com- 
ponent. If the difference between the neutral densities 
of the color components in the page color space ex- 
ceeds a predetermined threshold, the color-paper edge 
is trapped. 

If optional trapping test 160 is included in Phase I, 
and its application determines that an identified edge 
need not be trapped, Phase I does not trap the edge 
and retrieves the next edge to be considered, if any still 
exist (130, 140). 

If optional trapping test 1 60 is not included in Phase 
I, or if its application determines that trapping is re- 
quired, Phase I (100) compares the colors of the iden- 
tified adjacent regions of the edge and designates a 
dominant region (170). Dominance may be based on a 
variety of factors and generally is used to predict which 
of a plurality of colors would visually dominate if over- 
lapped on an output page. 

In one embodiment, neutral density is used to indi- 
cate dominance. Thus, for a color-color edge, the region 
having a color of higher neutral density in the page color 
space is the dominant region; for color-paper edges, the 
color region is the dominant region. 

Phase I next determines a "clip region" for an edge 
to be trapped (180). In general, the clip region repre- 
sents the largest possible trap region for the edge and 
may be determined by various methods. In one embod- 
iment, the clip region extends into the dominant color 
region, representing, for a color-color edge, the region 
into which the non-dominant color(s) is spread, and for 
a color-paper edge, the region from which the non-dom- 
inant color(s) is choked. For example, Fig. 4c illustrates 
a possible cip region 440 where color region 420 is de- 
termined as the dominant region. 

various methods may be used. In one embodiment, 
the determined clip region is based on a predetermined 
maximum acceptable misalignment. For example, a 
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predetermined value of four points will create a clip re- 
gion having a width of four points, indicating no gap will 
be apparent for any misalignment of up to four points. 

Different methods of determining the shape of the 
clip region 440 also exist. One embodiment determines 
the clip region based on a predetermined function of the 
edge. For example, the clip region for a straight edge 
may be a trapezoid contained within the dominant re- 
gion, having its base along the edge, as is illustrated by 
the clip region 440 of Fig. 4c. 

Once the clip region is determined, Phase I deter- 
mines whether any identified edges remain to be con- 
sidered for device-independent trapping (1 30). If edges 
remain, the next edge is retrieved (1 40) and the process 
repeated (150, 160, 170, 180). If all identified edges 
have already been considered, the determined trap data 
- including information such as identification of each 
trapped edge, and for each of the trapped edges, iden- 
tification of its adjacent regions, its dominant region, and 
its clip region - is stored so that an output device can 
access both the page data and the corresponding trap 
data determined for the page (1 90). In one embodiment, 
the determined trap data is encoded in PDL instructions 
compatible with the existing page data, and is appended 
to the page data. Alternatively, the determined trap data 
may be stored in a separate file. 

Referring to Fig. 3 and the example illustrated in 
Figs. 4a-4e, device-dependent Phase II (200) reads the 
page data and the trap data (210) and evaluates each 
edge trapped in Phase I (100) to determine whether to 
trap the edge for a specific output device. The steps of 
Phase II may be performed by a processor such as that 
in a personal computer, or in an output device such as 
an image setter. 

Phase II retrieves an edge trapped in Phase I (220, 
230) and converts the colors of the regions adjacent to 
the edge from representation in the page color space 
into representation in the device color space (240). Con- 
version may be implemented with various techniques, 
including conversion formulas and look-up tables. 

Phase II (200) next evaluates the colors in the de- 
vice color space to determine whether to trap the edge 
(250). Color-color edges are generally trapped unless 
adjacent color regions include sufficient amounts of 
common inks used in both regions, preventing visually 
apparent gaps resulting from misalignment, various 
thresholds of sufficient commonality may be used de- 
pending on the application. 

For color-paper edges, Phase I (1 00) may have per- 
formed device-independent trapping for all color-paper 
edges. However, while trapping color-paper edges can 
improve the output appearance of a page, such trapping 
may be prohibitively expensive unless selectively ap- 
plied. Misalignment is most apparent for color-paper 
edges of color regions having components of a high- 
density blackish ink and at least one other ink. Accord- 
ingly, Phase II (200) preferably evaluates the edge in 
the device color space and creates output traps only for 



those color-paper edges having a color created by the 
device from a mixture of at least two inks, one of which 
is a high-density blackish ink. 

If the edge is not trapped, the Phase II evaluates 
5 whether additional edges remain to be considered (220, 
230). 

If the edge is trapped, Phase II determines a trap 
color in the device color space (260). Different methods 
of determining a trap color may be used. One embodi- 
io ment uses the non-dominant color as the trap color for 
a color-color edge. A different embodiment determines 
the trap color as a predetermined function of the colors 
of adjacent color regions, using the maximum inks used 
in the colors. For example, for a device color space us- 
'5 ing a CMYK color system, if a color in one color region 
is created from 0% C, 1 00% M, and 80% Y inks, and the 
color of the adjacent color region is created from 100% 
C, 60% M, and 0% Y inks, the resultant trap color will 
be 100% C, 100% M, and 80% Y inks. 
20 For a color-paper edge, the trap color will generally 
be the dark high-density ink. 

One embodiment traps an edge for output by draw- 
ing a stroke ("stroking") along the edge, the stroke gen- 
erally having a width sufficient to camouflage gaps that 
2S may result from misalignment. The trap region is the ar- 
ea limiting the stroke to the clip region determined in 
Phase I (270). A stroke region 450 is illustrated in the 
example of Fig. 4d, and the relationship between the 
stroke region 450, clip region 440, and trap region 460 
30 is illustrated in Fig. 4e. 

The example illustrated in Figs. 4a-4e shows a 
color-color edge, for which a trap color is spread into the 
trap region. For a color-paper edge, the trap color will 
remain in the trap region and all other colors will be 
35 choked away from the trap region. 

Once the trap region and color have been deter- 
mined (260, 270), Phase II evaluates whether any edg- 
es trapped in Phase I remain to be considered in Phase 
II (220). If trapped edges remain to be considered, the 
*o next edge is retrieved (230) and the device-dependent 
trapping process repeats (240, 250, 260, 270). If all the 
trapped edges have already been considered, trapping 
of the page is complete (280). 

The methods described herein for page trapping 
45 may be implemented in hardware, firmware, or equiva- 
lents such as ASICs. Alternatively, they may also be im- 
plemented through software products, such as a com- 
puter program storage device storing instructions for ex- 
ecution by a computer. Such storage devices may in- 
50 elude forms of nonvolatile memory including semicon- 
ductor memory devices such as EPROMs, EEPROMs, 
and flash memory devices, magnetic disks such as in- 
ternal hard disks and removable disks, magneto-optical 
disks, and CD-ROM disks. 
55 While the invention is described in terms of a soft- 
ware implementation, the invention may be implement- 
ed in hardware or software, or a combination of both. 
Preferably, the invention is implemented in a software 
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program executing on a programmable processing sys- 
tem comprising a processor and memory. Typically, the 
processor and memory will be embedded in a personal 
computer, although they may alternatively be embed- 
ded in any peripheral device capable ot processing the 
color object in accordance with the invention described 
herein. 

Other embodiments are within the scope of the 
claims. For example, a page may include objects de- 
scribed in different page color spaces, in which case the 
invention may be adapted to recognize that colors of ad- 
jacent color regions may be described in different color 
spaces. 

Another variable feature is the method of storing the 
trap data determined in Phase I (1 00). The trap data may 
be appended or combined with the page data, or may 
be stored separately from the page data, as long as an 
output device can access both the page data and the 
trap data for an output page. 

Claims 

1. A computer-implemented method for device-inde- 
pendent trapping of an edge in a color page de- 
scribed by page data, the method comprising: 

identifying, based on page data for a color 
page, an edge and first and second adjacent 
regions having the edge as a common bound- 
ary; 

defining a clip region, including the edge and at 
least part of one of the first and the second re- 
gions; and 

generating and storing device-independent 
trap data representing the clip region for use by 
an unspecified output device for trapping the 
edge. 

2. The method of claim 1 wherein the first adjacent re- 
gion has a first color and the second adjacent region 
has a second color, the method further comprising: 

designating one of the first and the second 
colors as a dominant color; and 
designating the adjacent region having the 
dominant color as a dominant region, wherein 
the clip region is defined to include the edge 
and at least part of the designated dominant re- 
gion. 

3. The method of claim 2, wherein designation of a 
dominant color further comprises determining a 
neutral density of the first color and a neutral density 
of the second color, wherein the color having the 
higher neutral density is designated as the domi- 
nant color. 



4. The method of claim 2 wherein the first adjacent re- 
gion has a first color and the second adjacent region 
has no color, and the first region is designated as 
the dominant region. 

5 

5. The method of claim 1 wherein the first adjacent re- 
gion has a first color and the second adjacent region 
has a second color, the method further comprising 
determining a parameter measuring the similarity of 

io the first color and the second color, wherein if the 
parameter exceeds a predetermined threshold, the 
clip region is not defined and trap data is not gen- 
erated or stored. 

'5 6. The method of claim 1 wherein the first adjacent re- 
gion has a first color and the second adjacent region 
has no color, the method further comprising: 

determining whether the first color is com- 
prised of a first color component having a high neu- 

20 tral density and a second color component having 
a low neutral density, wherein if the difference be- 
tween the neutral densities of the first and second 
color components falls below a predetermined 
threshold, the clip region is not defined and trap da- 

2S ta is not generated or stored. 

7. A computer-implemented method for determining a 
trap region for an edge in a color page described by 
page data and trap data for an output device, the 

30 method comprising: 

identifying, based on page data and trap data 
for a color page, an edge defining a common 
boundary for a first and a second adjacent re- 
35 gion, and a clip region including the edge and 

at least part of one of the first and the second 
adjacent regions; 

defining a stroke region, including the edge, for 
an output device; and 
40 defining a trap region comprising the intersec- 

tion of the clip region and the stroke region. 

8. The method of claim 7 wherein the first adjacent re- 
gion has a first color and the second region has a 

45 second color, the first and second colors being de- 
fined in a page color space, the method further com- 
prising: 

converting the first color and the second color 
50 from the page color space to a device color 

space of the output device; 
determining color separations for the first and 
second adjacent regions for the output device, 
based on the first and the second colors defined 
55 in the device color space; and 

determining, based on the color separations, 
whether to determine a trap region for the edge. 
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9. The method of claim 7 wherein the first adjacent re- 
gion has a first color and the second region has a 
second color, the first and second colors being de- 
fined in a page color space, the method further com- 
prising: s 

converting the first color and the second color 
from the page color space to a device color 
space of the output device; and 
determining a trap color for the trap region w 
based on the first and the second colors defined 
in the device color space, 

10. The method of claim 9, wherein the trap color is de- 
termined based on a predetermined function of the is 
first and the second colors. 

1 1 . The method of claim 9, wherein the trap color is de- 
termined based on whether the trap region falls 
within the first adjacent region or the second adja- 20 
cent region. 

12. The method of claim 9, wherein a part of the trap 
region falls within the first adjacent region and a part 

of the trap region falls within the second adjacent 25 
region, and the trap color of the trap region is sep- 
arately determined for the parts of the trap region 
• falling within the first and the second adjacent re- 
gions. 

30 

13. A page for output on an unspecified output device, 
the page including trap data for at least one edge 
represented in the page, the trap data for each edge 
comprising: 

35 

edge data, defining the edge; 
adjacent region data, describing a first and a 
second adjacent region sharing the edge as a 
common boundary; and 

clip region data, defining a clip region including 40 
the edge and at least part of the first or the sec- 
ond adjacent regions. 
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